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(57) ABSTRACT

To provide a method for producing a (4,35-dihydroisoxazol-
3-yDthiocarboxamidine salt compound simply, safely and 1n
good yield, whereby drawbacks of prior art have been solved.

A method for producing a (4,5-dihydroisoxazol-3-yl)thiocar-
boxamidine salt compound of the formula (2):

(2)

Rl

] O
NH N
)J\ ‘ R? | -X°H
N S

R* R’

wherein each of R' and R* which are independent of each
other, 1s a hydrogen atom, an alkyl group or a cycloalkyl
group, each of R and R* which are independent of each other,
is a hydrogen atom or an alkyl group, provided that R' and R”,
or R* and R’, may be bonded to each other to form a
cycloalkyl group together with the carbon atoms to which
they are bonded, and X* is a halogen or an anionic residue
derived from an acid, which comprises reacting a 3-halogeno-
4,5-dihydroisoxazole compound of the formula (1):

(1)

R* R’

wherein R, R*, R® and R* are as defined above, and X" is a
halogen, with thiourea 1n the presence of an acid.

13 Claims, No Drawings
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PROCESS FOR PRODUCTION OF
(4,5-DIHYDROISOXAZOL.-3-Y)
THIO-CARBOXAMIDINE SALTS

TECHNICAL FIELD

The present invention relates to a method for producing a
(4,5-dihydroisoxazol-3-yl)thiocarboxamidine salt com-
pound which 1s usetul as an intermediate for the production of
pharmaceuticals and agricultural chemaicals.

BACKGROUND ART

The (4,5-dihydroisoxazol-3-yl)thiocarboxamidine salt
compound obtained by the present invention, can easily be led
to a 4,5-dihydroisoxazolidine-3-thiol analogue which 1s use-
tul as an intermediate for the production of pharmaceuticals
and agricultural chemicals, by carrying out hydrolysis under
a basic condition.

Heretofore, a literature 1s known which discloses that an
1soxazoline-3-thione derivative can be obtained by reacting a
3-halogeno-4,5-dihydroisoxazole compound with thiourea
(Patent Document 1).

However in the Patent Document 1 there 1s no disclosure
with respect to use of an acid in the reaction of the 3-halo-
geno-4,5-dihydroisoxazole compound with thiourea, or with
respect to the production of a (4,5-dihydroisoxazol-3-yl)thio-
carboxamidine salt compound.

Patent Document 1: JP-A-2004-224714

DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention

The present invention 1s to provide a method for producing
a (4,5-dihydroisoxazol-3-yl)thiocarboxamidine salt com-
pound simply, sately and 1n good yield.

Means to Solve the Problem

Under the circumstances, the present inventors have con-
ducted an extensive study on a method for producing a (4,5-
dihydroisoxazol-3-yl)thiocarboxamidine salt compound and
as a result, have found 1t possible to form a (4,5-dihydroisox-
azol-3-yl)thiocarboxamidine salt compound in a short time
and 1n good yield by reacting a 3-halogeno-4,5-dihydroisox-
azole compound with thiourea 1n the presence of an acid. The
present invention has been accomplished on the basis of this
discovery.

Thus, the present invention provides the following:
(1) A method for producing a (4,5-dihydroisoxazol-3-yl)
thiocarboxamidine salt compound of the formula (2):

(2)

Rl

R2 | +X°H

] O
NH IT"'
HzN)‘\S
R* RS

wherein each of R' and R* which are independent of each
other, 1s a hydrogen atom, an alkyl group or a cycloalkyl
group, each of R and R* which are independent of each other,
is a hydrogen atom or an alkyl group, provided that R' and R~,
or R and R’, may be bonded to each other to form a
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cycloalkyl group together with the carbon atoms to which
they are bonded, and X* is a halogen or an anionic residue
derived from an aced, which comprises reacting a 3-halo-
geno-4,5-dihydroisoxazole compound of the formula (1):

(1)

wherein R', R*, R® and R* are as defined above, and X' is a

halogen, with thiourea 1n the presence of an acid.

(2) The method for producing a (4,5-dihydroisoxazol-3-yl)
thiocarboxamidine salt compound according to (1) wherein
the acid 1s an morganic acid.

(3) The method for producing a (4,5-dihydroisoxazol-3-yl)
thiocarboxamidine salt compound according to (1), wherein

the acid 1s hydrochloric acid, hydrobromic acid or a mixture
thereof.

(4) The method for producing a (4,5-dihydroisoxazol-3-yl
thiocarboxamidine salt compound according to any one o1 (1)

to (3), wherein in the formula (1), each of R" and R” is an alkyl

group, each of R and R* is a hydrogen atom, and X' is a
chlorine atom.

(5) The method for producing a (4,5-dihydroisoxazol-3-yl)
thiocarboxamidine salt compound according to any one o1 (1)

to (3), wherein in the formula (X), each of R" and R” is a
methyl group, each of R® and R* is a hydrogen atom, and X'
1s a chlorine atom.

(6) The method for producing a (4,5-dihydroisoxazol-3-yl)
thiocarboxamidine salt compound according to any one o1 (1)

to (3) wherein in the formula (X) each of R' and R® is an alkyl
group, each of R® and R* is a hydrogen atom, and X' is a

bromine atom.

(7) The method for producing a (4,5-dihydroisoxazol-3-yl)
thiocarboxamidine salt compound according to any one ot (1)
to (3), wherein in the formula (a), each of R' and R” is a
methyl group, each of R® and R* is a hydrogen atom, and X'
1s a bromine atom.

(8) A (4,5-dihydroisoxazol-3-yl)thiocarboxamidine salt
compound of the formula (2):

(2)

] O
)Ti N‘. ]
>N S
R* R’

wherein each of R' and R* which are independent of each
other, 1s a hydrogen atom, an alkyl group or a cycloalkyl
group, each of R and R* which are independent of each other,
is a hydrogen atom or an alkyl group, provided that R* and R,
or R* and R” may be bonded to each other to form a cycloalkyl
group together with the carbon atoms to which they are
bonded, and X* is a halogen or an anionic residue derived
from an acid.
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(9) A 4,5-dihydroisoxazol-3-yl)thiocarboxamidine salt
compound of the formula (3):

(3)

] O
NH IT""
HzN)I\S
R* RS

wherein each of R' and R* which are independent of each
other, 1s a hydrogen atom, an alkyl group or a cycloalkyl
group, each of R and R* which are independent of each other,
is a hydrogen atom or an alkyl group, provided that R* and R?,
or R* and R®, may be bonded to each other to form a
cycloalkyl group together with the carbon atoms to which
they are bonded, and X" is a halogen.

(10) The (4,5-dihydroisoxazol-3-yl)thiocarboxamidine
salt compound according to (8) or (9), wherein each of R' and
R” is a methyl group, and each of R” and R” is a hydrogen
atom.

(11) [5,5-dimethyl-(4,5-dihydroisoxazol-3-yl)]thiocar-
boxamidine hydrochloride.

(12) [5,5-dimethyl-(4,5-dihydroisoxazol-3-yl)]thiocar-
boxamidine hydrobromide.

Eftects of the Invention

By the method of the present invention, a (4,5-dihydro1sox-
azol-3-yl)thiocarboxamidine salt compound of the formula
(2) given hereinafter, can be produced 1n a short time and 1n
good yield. Further, the obtained (4,5-dihydroisoxazol-3-yl)
thiocarboxamidine salt can be easily converted to an alkali
metal salt of a 4,5-dihydroisoxazolidine-3-thiol compound
which 1s useful as an intermediate for pharmaceuticals and
agricultural chemicals by alkali hydrolysis. Thus, the (4,5-
dihydroisoxazol-3-yl)thiocarboxamidine salt compound of
the formula (2) 1s a good raw material for the production of an
alkal1 metal salt of a 4,5-dihydroisoxazolidine-3-thiol com-
pound as an intermediate for pharmaceuticals and agricul-
tural chemicals. In the method of the present invention, han-
dling of the raw material 1s simple, and thus the method 1s
very usetul as an industrial production method.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

Now, the method for producing a (4,5-dihydroisoxazol-1-

yl)thiocarboxamidine salt compound according to the above
(1) to (7) will be described.

The method of the present invention 1s a method for pro-
ducing a (4,5-dihydroisoxazol-3-yl)thiocarboxamidine salt
compound of the formula (2) 1n a short time and 1n good yield
by reacting a 3-halogeno-4,5-dihydroisoxazole compound of
the formula (1) with thiourea, which 1s characterized in that
an acid 1s used for the reaction. The (4,5-dihydroisoxazol-3-
yl)thiocarboxamidine salt compound obtained by this reac-
tion 1s a novel compound and 1s a good raw matenal for the
production of an alkali metal salt of a 4,5-dihydroisoxazoli-
dine-3-thiol compound which 1s an intermediate for pharma-
ceuticals and agricultural chemicals.

Firstly, the raw material compound of the formula (1) to be
used as a raw material in the method of the present invention,

will be described.
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A notation such as “C,_” to be used 1n this specification
indicates that, in this case, the number of carbon atoms 1n the
substituent following this notation 1s from 1 to 6.

In the formula (1), each of R" and R* which are independent
of each other, 1s a hydrogen atom, an alkyl group or a
cycloalkyl group, each of R* and R* which are independent of
cach other, 1s a hydrogen atom or an alkyl group, provided
that R" and R?, or R* and R>, may be bonded to each other to
form a cycloalkyl group, together with the carbon atoms to
which they are bonded.

Here, the alkyl group 1s preferably a linear or branched
alkyl group having from 1 to 6 carbon atoms, and may, for
example, be a methyl group, an ethyl group, a n-propyl group.,
an 1sopropyl group, a n-butyl group, an i1sobutyl group, a
sec-butyl group, a tert-butyl group, a n-pentyl group, an 1s0-
pentyl group, a neopentyl group, a n-hexyl group, an 1sohexyl
group or a 3,3-dimethylbutyl group.

The cycloalkyl group 1s preferably an alkyl group having
from 3 to 6 carbon atoms (a C;_, cycloalkyl group) and may,
for example, be a cyclopropyl group, a cyclopentyl group or
a cyclohexyl group.

With respect to preferred substituents 1n the formula (1) of
the present invention, each of R' and R* which are indepen-
dent of each other, 1s a C,_, alkyl group, and more preferred
R' or R” is a methyl group or an ethyl group, and each of R”
and R* is preferably a hydrogen atom.

In the formula (1), X' is a halogen.

Here, the halogen represents a halogen such as bromine,
chlorine, fluorine or Iodine.

The 3-halogeno-4,5-dihydroisoxazole compound of the
formula (1) to be used 1n the method of the present invention
may be any compound so long as 1t 1s a compound represented
by the formula (1). Specifically, 3-chloro-3,5-dimethyl-4,5-
dihydroisoxazole or 3-bromo-3,5-dimethyl-4,5-dihydroisox-
azole may, for example, be mentioned as a representative
example.

The 3-halogeno-4,5-dihydroisoxazole compound of the
tformula (1) 1s a known compound or a compound which can
be produced by subjecting a halogeno oxime compound and
a corresponding olefin compound to a 1,3-dipolar cycloaddi-
tion reaction in accordance with a known method.

The reaction in the method of the present invention 1s
carried out by using thiourea. The amount of thiourea to be
used, may be at any level so long as the reaction proceeds
suificiently. However, it 1s, for example, within a range of
from 1.0 to 100 mols, preferably from 1.0 to 10 mols, more
preferably from 1.0 to 2 mols, per mol of the 3-halogeno-4,
S-dihydroisoxazole compound of the formula (1). In this
reaction, 1 mol of thiourea to 1 mol of the 3-halogeno-4,5-
dihydroisoxazole compound of the formula (1) will be 1
equivalent.

The reaction 1n the method of the present invention 1s
carried out1n the presence of an acid. The acid usetul may, for
example, be an organic acid represented by an organic sul-
fonic acid such as p-toluene sulfonic acid, methane sulfonic
acid or benzene sulfonic acid; or an morganic acid including
a hydrohalogenic acid represented by hydrochloric acid or
hydrobromic acid, or sulfuric acid or phosphoric acid. These
acids may be used alone or in combination as a mixture.
Preferred 1s a hydrohalogenic acid such as hydrochloric acid
or hydrobromic acid, and particularly preferred i1s hydrochlo-
ric acid which 1s mexpensive and simple in handling. When
hydrochloric acid 1s to be used, the concentration 1s usually
from 1 to 37%, preferably from 35 to 37%, although 1t
depends also on the temperature. The anionic residue dertved
from such an acid may, for example, be an organic anion such
as a p-toluene sulfonyloxyanion, a methane sulfonyloxyan-
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1on or a benzene sulfonyloxyanion, a halogen anion such as a
chloroanion, a bromoanion or an 10doanion, or an 1NOrganic
anion such as sulfuric anion, a hydrogen sulfate anion, a
phosphoric anion, a dihydrogen phosphate anion or a mono-
hydrogen phosphate anion.

The amount of the acid to be used for the reaction 1n the
method of the present invention may be any amount so long as
it 1s an amount whereby the reaction proceeds sufficiently.
However, 1t 1s usually from 0.05 to 100 mols, preferably from
0.1 to 10 mols, more preferably from 0.5 to 1.5 mols, per mol
of the 3-halogeno-4,5-dihydroisoxazole compound of the
formula (1).

The solvent which may be used for the reaction in the
method of the present invention may be any solvent so long as
it does not hinder the reaction. It may, for example, be water;
an alcohol such as methanol ethanol or 1sopropyl alcohol; an
aromatic hydrocarbon such as toluene, xylene or chloroben-
zene; a halogenated aliphatic hydrocarbon such as dichlo-
romethane or chloroform; an aliphatic acid ester represented
by an acetic acid ester such as methyl acetate, ethyl acetate or
butyl acetate; a ketone such as acetone, methyl ethyl ketone
(MEK) or methyl 1sobutyl ketone (MIBK); an aprotic polar
solvent such as acetonitrile, dimethylformamide (DMF),
dimethylacetamide (DMAC), N-methylpyrrolidone, tetram-
cthylurea, hexamethylphosphoric triamide (HMPA) or pro-
pylene carbonate; an ether type solvent such as ethyl ether,
1sopropyl ether, tetrahydroturan or dioxane; or an aliphatic
hydrocarbon such as pentane or n-hexane.

These solvents may be used alone or 1n combination as a
mixed solvent with an optional mixing ratio. For example, 1T
the present reaction 1s carried out 1n a mixed solvent system
having a solvent having a high polarity such as an alcohol
such as 1sopropyl alcohol, mixed with a solvent having a low
polarity, the reaction will be accelerated and 1n many cases,
good results can be obtained such that the reaction time can be
shortened, and the yield will be improved.

The amount of such a solvent may be at such a level that
stirring of the reaction system can be sufliciently carried out.
However, the solvent 1s usually in an amount within a range of
from 0.05 to 10 liters, preterably from 0.5 to 2 liters, per mol
of the 3-halogeno-4,5-dihydroisoxazole compound of the
formula (1).

The temperature for the reaction in the method of the
present invention may, for example, be within a range of from
0° C. to the reflux temperature of the solvent to be used,
preferably within a range of from 20° C. to 50° C.

The time for the reaction in the method of the present
invention 1s not particularly limited but it 1s preferably from
one hour to 10 hours from the viewpoint of suppression of
by-products, etc.

By the method of the present invention, the (4,5-dihy-
droisoxazol-3-yl)thiocarboxamidine salt compound of the
tformula (2) will be formed highly selectively under a mild
condition without requiring a special reaction apparatus. The
(4,5-dihydroisoxazol-3-yl)thiocarboxamidine salt com-
pound obtained by the method of the present invention, can
casily be led to a 4,5-dihydroisoxazolidine-3-thiol analogue
uselul as an intermediate for the production of pharmaceuti-
cals and agricultural chemicals, by carrying out hydrolysis
under a basic condition.

Now, the compound of the present invention (the (4,3-
dihydroisoxazol-3-yl)thiocarboxamidine salt compound) as
defined 1n (8) to (12), will be described.

The compound of the present invention can be produced by
the method as described 1n the above (1) to (7).

Here, 1n a case where the acid used for the production of the
compound of the present invention 1s a polybasic acid such as
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sulfuric acid or phosphoric acid, the compound of the present
invention has a number of the (4,5-dihydroisoxazol-3-yl)
thiocarboxamidine structure (the structure drawn in the
brackets [ ] 1nthe formula (2)) corresponding to the valence of
such a polybasic acid. Even in such a case, the structure of the
(4,5-dihydroisoxazol-3-yl)thiocarboxamidine salt com-
pound 1s represented by the formula (2) irrespective of the
valence of such an acid (X*H).

Further, 1n a case where 1n the production of the compound
of the present invention, as the acid, a hydrohalogenic acid
having the same halogen as X' of the 3-halogeno-4,5-dihy-
droisoxazole compound of the formula (1) to be used as a raw
material is used alone, the acid represented by X°H in the
formula (2) represents a single acid. However, 1in a case where
an acid having a halogen or an anionic residue different from
X' in the formula (1), is used, or in a case where two or more
acids are used, the acid (the acid represented by X°H in the
formula (2)) which the compound of the present invention
has, may be a mixture having two or more acids mixed, and

the compound of the present invention 1s one which includes
a salt having such two or more acids mixed.

Specific examples of the compound of the present inven-
tion will be exemplified 1n the following Table 1, but 1t should
be understood that the compound of the present invention 1s
not limited to such exemplified compounds and includes all of
the compounds represented by the formula (2).

The abbreviations 1n Table 1 have the following meanings,
respectively.

Me: methyl group

Et: ethyl group

Pr: n-propyl group

1Pr: 1sopropyl group
Bu: n-butyl group
cHex: cyclohexyl group

TABLE 1
Compound
number R’ R? R’ R* X°H
1 Me Me H H HCI
2 Me Me H H HBr
3 Me Me H H HCI + HBr
4 Me Me H H H-,SO, + HBr
5 Me Me H H Phosphoric acid +
HBr
6 Me Me H H Methane sulfonic
acid + HBr
7 Me Me H H p-Toluene sulfonic
acid + HBr
8 Me H Me H HCI
9 Bu H H H HBr
10 Pr H Et H HBr
11 1Pr H Me H HBr
12 Me H 1Pr H HBr
13 Me Me Me Me HBr
14 Me Pr H H HBr
15 cHex H H H HBr
16 H —(CH,);— H HBr
17 Me —(CH,),— H HCI
18 —(CH,),— H H HBr
19 H H H H HCI

Now, the method for producing the compound of the
present invention will be described in detail with reference to
Examples. However, it should be understood that the present
invention 1s by no means restricted to such Examples.
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Retference Example 1

Preparation of
3-chloro-3,5-dimethyl-4,5-dihydroisoxazole

In 500 ml of ethanol, 63.0 g (0.75 mol) of sodium hydrogen
carbonate was added, followed by stirring at room tempera-
ture. While 84.2 g (1.50 mol) of 1sobutene gas was blown
thereinto, upon expiration of 0.5 hour, the temperature was
raised to 70° C., and then, 131.3 g (0.5 mol) of a 40% 1sopro-
pyl ether solution of dichloroform oxime, was gradually
dropwise added to the reaction solution, followed by stirring
at the same temperature for 8 hours. The reaction solution was
left to cool to at most 25° C., and an inorganic solid was
removed by filtration, followed by distillation under reduced
pressure at 62° C./1.1 kPa, to obtain 32.3 g (vield: 51%) of
3-chloro-5,5-dimethyl-4,5-dihydroisoxazole as a colorless
transparent liquid.

"H-NMR (300 MHz, MeOH-d4): 8=2.88 (s, 2H), 1.41 (s,
3H) ppm

GC-MS (EI): m/z=133 (M™), 118 (base)

Boiling point: 50° C./0.7 kPa

DSC measurement (calorific value: 1,718 mlJ/mg, initia-
tion temperature of heat generation: 170° C.)

Retference Example 2

Preparation of
3-bromo-5,5-dimethyl-4,5-dihydroisoxazole

84.0 g (2.1 mol) of 99% sodium hydroxide in the form of
beads, was suspended 1n 350 ml of 1sopropyl ether and cooled
to a temperature of at most 5° C. With stirring under cooling
with 1ce, blowing of 2-methylpropene was started at a rate
such that blowing o1 78.6 g (1.4 mol) would be completed 1n
about three hours. One hour later, after confirming that 26.2 g
(0.47 mol; ¥4 of the designed amount) of 2-methylpropene
was blown, while 2-methylpropene was introduced continu-
ously at the same rate, 464.0 g (concentration: 30.6%) of an
1sopropyl ether solution of dibromoform oxime was dropwise
added over a period of 3 hours with stirring under cooling to
a temperature of at most 5° C. After completion of the drop-
wise addition, aging was carried out at the same temperature
for two hours. To the reaction solution, 350 ml of water was
added, tollowed by stirring at room temperature for 0.5 hour,
whereupon the organic layer was separated. The obtained
organic layer was washed twice with 140 ml of water and
once with 70 ml of a saturated sodium chloride solution and
dried over anhydrous sodium sulfate. The solvent was dis-
tilled off, and the obtained yellow o1l was further distilled to
obtain 84.7 g (purity: 99.0%, vield: 68%) of 3-bromo-3,5-
dimethyl-4,5-dihydroisoxazole as a transparent liquid.

"H-NMR (300 MHz, CDCl,): 8=2.95 (s, 2H), 1.44 (s, 3H)
ppm

GC-MS (EI): m/z=178 (M™) 162 (base)

Boiling point: 4° C./0.3 kPa

DSC measurement (calorific value: 1,879 ml/mg, initia-
tion temperature of heat generation: 165° C.)

Example 1

Preparation of [5,35-dimethyl(4,5-dihydroisoxazol-3-
yl)|thiocarboxamidine hydrochloride

To a solution 01 16.8 g (0.2 mol) of thiourea 1n 100 ml (0.5
I/mol) of ethanol, 4.17 g (0.04 mol) o1 35% hydrochloric acid

was added, and with stirring at room temperature, 26.7 g (0.2
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mol) of 3-chloro-5,5-dimethyl-4,5-dihydroisoxazol was
dropwise added over a period of one hour, followed by stir-
ring at 30° C. for 3 hours. Then, to the reaction solution, 100
ml of toluene was added, and the solvent was distilled off
under reduced pressure, whereby 38.3 g of white crystals
were precipitated. To the obtained crude crystals, 300 ml of
1sopropyl alcohol was added, followed by heating until the

crystals were dissolved, and then the solution was gradually
cooled to obtain 38.5 g (yield: 92.0%) of the above-identified
compound as white crystals.

IR (KBr, cm™") 3,000-3,300 (amine), 1,664 (N—C),

DSC measurement (calorific value: 1,204 mJ/ma, initiation
temperature of heat generation: 143° C.)

Using the [5,5-dimethyl(4,35-dihydroisoxazol-3-yl)]thio-
carboxamidine hydrochloride obtained here, as a standard
sample, the reaction yield was, hereinaiter, calculated by an

external standard method of high performance liquid chro-
matography.

Example 2

Preparation of [5,5-dimethyl(4,5-dihydroisoxazol-3-
yl)]thiocarboxamidine hydrobromide

To a solution o1 22.8 g 10.3 mol) of thiourea in 100 ml (0.5
I/mol) of acetonitrile, 48.6 g (0.3 mol) of 50% hydrobromic
acid was added, and with stirring at room temperature, 35.6 g
(0.2 mol) of 3-bromo-5,5-dimethyl-4,5-dihydroisoxazole
was dropwise added over a period of one hour, followed by
stirring at 30° C. for 5 hours. Precipitated crystals were sub-
jected to suction filtration to obtain 81.1 g (yield: 95.0%,
purity: 90%) of the above-identified compound as white crys-
tals. The obtained crystals were re-crystallized from n-hex-
ane/1sopropyl alcohol (10/1) to obtain 61.4 g (yield: 80.0%,
purity: 99%) of the above-identified compound with high
purity.

IR (KBr, cm™) 3,000-3,300 (amine), 1,664 (N=—C),

DSC measurement (calonfic value: 821 mlJ/mg, initiation
temperature of heat generation: 152° C.)

Using the [5,5-dimethyl(4,5-dihydroisoxazol-3-yl)]thio-
carboxamidine hydrobromide obtained here, as a standard
sample, the reaction yield was, hereinaiter, calculated by an
external standard method of high performance liquid chro-
matography.

Example 3

Preparation of [5,5-dimethyl(4,5-dihydroisoxazol-3-
yl)]thiocarboxamidine hydrochloride aqueous solu-
tion

To a solution of 22.8 g (0.3 mol) of thiourea 1n 100 ml (0.5
l/mol) of acetonitrile, 48.6 g (0.3 mol) of 50% hydrobromic
acid was added, and with stirring at room temperature, 200.0
g (0.2 mol, concentration: 17.8%) of an 1sopropyl ether solu-
tion of 3-bromo-5,5-dimethyl-4,5-dihydroisoxazole was
dropwise added over a period of one hour, followed by stir-
ring at 30° C. for 5 hours. To the reaction solution, 100 ml (0.5
l/mol) of water was added, and 305 g of an aqueous layer was
separated. The obtained aqueous layer was analyzed by the
external standard method of high performance liquid chro-
matography based on the standard sample obtained in
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Example 2, whereby 1n this aqueous layer, the above-identi-
fied compound was contained at a concentration of 15.0%,

and the yield was 90%.

Examples 4 to 17

Using the 3-halogeno-5,5-dimethyl-4,5-dihydroisoxazole
compound represented by the following formula as the raw
material, the reactions were carried out 1n the same manner as
in Example 3 1n various combinations of the solvent and the
acid, and the yields were calculated by the external standard
method of ligh performance liquid chromatography. The
results are shown 1n Table 2.

O
N~ CH3z; Thiourea
‘ Acid
o
CH3  Solvent
Xl
_ 0 -
NH N~ CH;
T < s
3
H>N S

In the above formulae, X' and X~ are as defined above

TABLE 2
Solvent Acid Thiourea
X (amount: 1/mol) (amount) (equivalent)

Ex. 4 Cl Ethanol (1) 35% HCI 1.1
(0.2 equivalent)

Ex. 5 Cl Ethanol (1) 35% HCI 1.1
(1.2 equivalent)

Ex. 6 Cl Isopropanol (1) 35% HCI 1.5
(1.2 equivalent)

Ex. 7 Br Water (1) 48% HBr 1.1
(1.2 equivalent)

Ex. 8 Br IPE*'(1) + 48% HBr 1.1
Methanol (0.5) (1.2 equivalent)

Ex. 9 Br IPE(1) + 48% HBr 1.1
Ethanol (0.5) (1.2 equivalent)

Ex. 10 Br IPE(1) + 48% HBr 1.1
IPA*2(0.5) (0.2 equivalent)

Ex. 11 Br IPE(1) + 48% HBr 1.1
IPA(0.5) (1.2 equivalent)

Ex. 12 Br IPE(L) + 48% HBr 2.2
IPA(0.5) (1.2 equivalent)

Ex. 13 Br IPE(L) + 48% HBr 1.1
Acetone (0.3) (1.2 equivalent)

Ex. 14 Br IPE(L) + 35% HCI 1.5
Acetonitrile (0.5) (1.2 equivalent)

Ex. 15 Br IPE(L) + 99% H,S0, 1.5
Acetonitrile (0.5) (1.2 equivalent)

Ex.16 Br IPE(1) + Methane sulfonic acid 1.5
Acetonitrile (0.5) (1.2 equivalent)

Ex. 17 Br MIBK**(1) 35% HCI 1.1

(1.0 equivalent)

*1<TPE” represents isopropyl ether.

*2<TPA” represents isopropyl alcohol.
*3MIBK” represents methyl isobutyl ketone.

Comparative Example

Preparation of [5,35-dimethyl(4,5-dihydroisoxazol-3-
yl)]thiocarboxamidine hydrochlorde

To a solution 01 16.8 g (0.2 mol) of thiourea 1n 100 ml (0.5
I/mol) of ethanol, 26.7 g (0.2 mol) of 3-chloro-5,5-dimethyl-

10
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20
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lyzed by high performance liquid chromatography, whereby
the above-identified compound was found to be obtained in
an amount of only 10% by the total area value.

Reterence Example 3

Preparation of sodium salt of
[ 5,5-dimethyl(4,5-dihydroisoxazol-3-yl)]|thiol

In 15 ml of ethanol, 3.3 g (0.0156 mol) of [5,5-dimethyl(4,
S-dihydroisoxazol-3-yl)]thiocarboxamidine hydrochlornde
and 0.6 g (0.0153 mol) of 99% sodium hydroxide were added
under cooling with water bath, followed by stirrng for 3

hours. After distilling off ethanol under reduced pressure, the
obtained viscous substance was washed twice with 10 ml of
diethyl ether and twice with 10 ml of acetonitrile to obtain 2.3
g ol white powdery crystals.

IR (KBr,cm™) 1,664 (N—C)

Retference Example 4

Preparation of
3-methylthio-4,5-dihydro-5,5-dimethylisoxazole

1 ml of methyl 1odide was added to 2.0 g of the sodium salt
of [5,5-dimethyl(4,5-dihydroisoxazol-3-yl)]|thiol obtained 1n

Time Yield

(hr) (%)
9 90

5 92

1 94

5 63

1 81

1 86
10 83
5 83

1 91

1 89

3 96

3 90

3 88

5 92

60

4,5-dihydroisoxazole was dropwise added over a period of 65

one hour with stirring at room temperature, followed by stir-
ring at 30° C. for 10 hours. The reaction solution was ana-

Retference Example 3, followed by stirring for 0.5 hour. The
obtained solution was distilled under reduced pressure to
obtain 2 g of the above-identified compound.

"H-NMR (400 MHz, CDCl,): 8=2.79 (s, 2H), 2.49 (s, 3H),
1.42 (s, 3H) ppm

GC-MS (El): m/z=145 (M™)
Boiling point: 103 to 110° C./2.7 kPa

DSC measurement (calorific value-849 mlJ/mg, initiation
temperature of heat generation 241° C.)
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INDUSTRIAL APPLICABILITY

The present mnvention provides a novel industrial method
for producing a (4,5-dihydroisoxazol-3-yl)thiocarboxami-
dine salt compound. According to the method of the present
invention, 1t 1s possible to produce a (4,5-dihydroisoxazol-3-
yl)thiocarboxamidine salt compound of the formula (2) by a
simple operation method under a mild condition and 1n good
yield from a 3-halogeno-4,5-dihydroisoxazole compound of
the formula (1). By the effects of an acid, the reaction can be
completed 1n a short time 1n good yield, and thus the method
1s very useful as an industrial production method.

The mvention claimed 1s:

1. A method for producing a (4,5-dihydroisoxazol-3-yl)
thiocarboxamidine salt compound of formula (2):

(2)

X°H

R* R’

wherein each of R' and R* which are independent of each
other 1s a hydrogen atom, an alkyl group or a cycloalkyl
group, each of R® and R* which are independent of each
other, 1s a hydrogen atom or an alkyl group, provided
that R' and R”, or R* and R” may be bonded to each other
to form a cycloalkyl group together with the carbon
atoms to which they are bonded, and X is a halogen or
an anionic residue derived from an acid, which method
comprises reacting a 3-halogeno-4,5-dihydroisoxazole
compound of formula (1):

(1)

R* R?

wherein R, R*, R® and R* are as defined above, and X" is

halogen with thiourea in the presence of an acid.

2. The method for producing a (4,5-dihydroisoxazol-3-yl)
thiocarboxamidine salt compound according to claim 1,
wherein the acid 1s mnorganic acid.

3. The method for producing a (4,5-dihydroisoxazol-3-yl)
thiocarboxamidine salt compound according to claim 1,
wherein the acid 1s hydrochloric acid hydrobromic acid or a
mixture thereof.

4. The method for producing a (4,5-dihydroisoxazol-3-yl)
thiocarboxamidine salt compound according to claim 1,
wherein in formula (1), each of R' and R? is an alkyl group,
each of and R” and R*is a hydrogen atom, and X" is a chlorine
atom.

5. The method for producing a (4,5-dihydroisoxazol-3-yl)
thiocarboxamide salt compound according to claim 1,
wherein in formula (1), each of R' and R is a methy] group,
each of R and R” is a hydrogen atom, and X' is a chlorine
atom.
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6. The method for producing a (4,5-dihydroisoxazol-3-yl)
thiocarboxamidine salt compound according to claim 1,
wherein in formula (1), each of R' and R* is an alkyl group
each of R” and R* is a hydrogen atom, and X" is a bromine
atom.

7. The method for producing a (4,5-dihydroisoxazol-3-yl)
thiocarboxamidine salt compound according to claim 1,
wherein in formula (1), each of R* and R” is a methyl group,
each of R” and R* is a hydrogen atom, and X' is a bromine
atom.

8. A (4,5-dihydroisoxazol-3-yl)thiocarboxamidine salt
compound of formula (2):

(2)

X?H

R* R’

wherein each of R' and R?, which are independent of each
other, 1s a hydrogen atom, an alkyl group or a cycloalkyl

group, each of R® and R* which are independent of each
other 1s a hydrogen atom or an alkyl group provided that
R"and R*, or R* and R”, may be bonded to each other to
form a cycloalkyl group together with the carbon atoms
to which they are bonded, and X* is a halogen or an
anionic residue derived from an acid.

9. A (4,5-dihydroisoxazol-3-yl)thiocarboxamidine salt or
compound of formula (3):

(3)

R* R?

wherein each of R' and R*, which are independent of each
other 1s hydrogen atom, an alkyl group or a cycloalkyl
group each of R and R*, which are independent of each
other 1s a hydrogen atom or an alkyl group, provided that
R"and R?, or R” and R®, may be bonded to each other to
form a cycloalkyl group together with the carbon atoms
to which they are bonded, and X" is a halogen.

10. The (4,5-dihydroisoxazol-3-yl)thiocarboxamidine salt
compound according to claim 8, wherein each of R' and R” is
a methyl group, and each of R® and R* is a hydrogen atom.

11. The (4,5-dihydroisoxazol-3-yl)thiocarboxamidine salt
compound according to claim 9, wherein each of R' and R” is
a methyl group, and each of R® and R* is a hydrogen atom.

12. [3,5-dimethyl-(4,5-dihydroisoxazol-3-yl)]thiocar-
boxamidine hydrochloride.

13. [3,5-dimethyl-(4,5-dihydroisoxazol-3-yl)]thiocar-
boxamidine hydrochloride.
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